projections suggest, leading to a more intense expansion of OMZs than expected. 48 Plain Language Summary 49 Oxygen minimum zones are areas in the ocean in which algae produce large amounts of organic 50 material. When this sinks towards the seafloor, all oxygen at depth is used up. This results in vast 51 "dead zones" where almost no oxygen is available to sustain life. With global warming, and 52 increased nutrients from rivers, dead zones are forecast to expand. Computer models can 53 calculate this, by considering algal production, and the amount of material delivered to the 54 seafloor. However, these models often ignore a major process: anaerobic bacteria in the deeper 55 water column, that can live at the edge or in the middle of these dead zones, which can also 56 produce organic material from the dissolved CO2. In this study, we used the fact that these 57 bacteria add a distinct signature to the organic material, to show that one fifth of the organic 58 matter on the seafloor could stem from bacteria living in these dead zones. Thus, models that 59 have missed out on considering this contribution could have underestimated the extent of oxygen 60 depletion we are to expect in a future, warming world. A more intense expansion of dead zones 61 than expected could have severe ecological, economical (fisheries), and climatic consequences.
1 Introduction 64 Marine primary production fixes 50 Pg carbon per year, of which only about 1% is buried 65 in sediments (Dunne et al., 2007; Middelburg, 2011) . The majority of organic carbon derived 66 from the photic zone is remineralised during sedimentation, fueling heterotrophic bacterial 67 activity in the water column (Keil et al., 2016) . In marginal settings and OMZs, marine primary 68 production in the photic zone can be significantly higher than in other settings. Organic carbon 69 (OC) sedimentary accumulation rates within an OMZ can be in the range of tens to hundreds of 70 mg C cm -2 y -1 (Hartnett et al., 1998; Hedges and Keil, 1995) higher than observed in other parts 71 of the ocean. These high accumulation rates are most commonly attributed to attenuation in 72 remineralization rates within the OMZ, and low bottom-water oxygenation, which results in 73 decreased biodegradability of polymeric and matrix-protected substances (Burdige, 2007) . 74 As a consequence of increasing atmospheric CO2 concentrations and, consequently, 77 Whilst the expansion of OMZs will result in widespread habitat loss of marine life and could 78 cause an increase in emissions of greenhouse gases such as N2O and CH4, it could also act as a 79 long-term negative feedback on global warming via the enhanced drawdown and storage of 80 organic carbon in sediments. 81 The biogeochemical system in subsurface waters, where light does not penetrate, has 82 recently emerged to be substantially more complex -and possibly more important for the global 83 carbon cycle -than previously assumed. In particular, dark water-column microbial activity is 84 higher than what can be accounted for by heterotrophs (Herndl and Reinthaler, 2013), suggesting 85 an important role for chemoautotrophy, i.e. fixation of dissolved inorganic carbon (DIC). It has 86 been suggested to contribute substantially to the global carbon budget, with estimates ranging 87 from 0.11 to 1.1 Pg C y -1 , equating to ca. 2% of total estimated yearly marine primary production 88 (Middelburg, 2011; Reinthaler et al., 2010) . The predominant chemoautotrophic process in the 89 oxic, dark, pelagic ocean is thought to be nitrification (Middelburg, 2011; Pachiadaki et al., 90 2017). When oxygen is limited, nitrification still occurs, but other chemoautotrophic processes 91 dominate, such as anaerobic oxidation of ammonia and sulfide oxidation (Ulloa et al., 2012; 92 Wright et al., 2012) . 93 Under hypoxic conditions, such as in the water column of OMZs, both archaeal (aerobic) 94 and anaerobic oxidation of ammonia are thought to dominate dark inorganic carbon fixation 95 processes (Lam and Kuypers, 2010; Pitcher et al., 2011). Here, nitrite accumulates, and other 96 anaerobic autotrophic processes such as sulfide oxidation and methanogenesis are suppressed, 97 most likely due to the abundance of nitrate and ammonia (Canfield, 2006; Ulloa et al., 2012) . 98 Of the inorganic carbon converted to organic matter within the OMZ, only a negligible 99 fraction is presumably transported to the sediments and preserved, as this newly produced 100 material is regarded as more labile than the sinking OC derived from the photic zone (Cowie and 101 Hedges, 1992; Keil et al., 1994; Middelburg, 1989 Eight cores are discussed here; these were incubated under oxic or suboxic conditions for 157 7 days (125 µM, 6 µM O2, respectively; Table 1 ). At the end of incubation, cores were sliced in 158 the intervals 0 -2, 2 -4, and 4 -10 cm depth. They were then frozen and freeze dried for the Macclesfield, UK). He was used as a carrier gas at a flow rate of 1.5 ml min -1 and the oven was 227 programmed as follows: 1 min hold at 70 °C, increase by 7 °C min -1 to 350 °C (10 min hold). 228 Organic compounds were combusted to CO2 in a 0.7 mm ID quartz tube with CuO pellets at 229 850°C. Instrumentation performance was monitored using an n-alkane standard (B3, A. possibly also a degradation product of bacteriohopanetetrol. In the core from P900, the ratio of 300 BHT' over BHT increased with depth ( Fig. S4 ). 301 We also analysed the BHP content of sediment cores incubated with 13 C-labelled organic with BHT at -27 ± 3 ‰ and BHT' at -47 ± 4 ‰, as compared to -26 ± 1 ‰ and -43 ± 5 ‰ for 320 BHT and BHT' at P900 (in the OMZ). However, the difference between P900 and P1800 was 321 not statistically significant for either BHT or BHT'. Moreover, even though the proportion of 322 BHT' increased with depth in the anoxic core, the  13 C values did not change. We also analysed 323 BHT and BHT' in the cores that had been incubated with 13 C-labeled POM and DOM, and these 324 showed no indication of 13 C-enrichment in BHT'. Excluding outliers (defined by a Grubbs test at 325 99% confidence level and indicated in Table 1) . 362 BHT, however, is much more enriched in 13 C in the Arabian Sea sediments, with values 363 of -29 to -30 ‰ (Fig. 4b,c ). This is in contrast to anammox cultures, where BHT and BHT' are 364 produced with identical isotope values (Fig. S4, Table 1 ). This strongly supports the idea that 365 BHT has a mixed origin. The sources for BHT could be varied: cyanobacteria or heterotrophic (Table 1, Table S1 ), suggesting that most of this pool is water-column 387 derived. Further, BHT and BHT' are also present in the surface of the oxic sediments (P1800), in 388 proportions similar to the anoxic sediments at P900. Even if anammox growth was too slow for 389 labelling to take effect, substantial sedimentary production would have resulted in a decreasing 390 δ 13 C value of BHT' in the unamended cores, as DIC gradually becomes more 13 C depleted with 391 sediment depth (Fernandes et al., 2018), but this is not observed (Fig. 4bc ). Collectively, these 392 data support the idea that the vast majority of BHT' is derived from anammox bacteria living in 393 the OMZ of the water column, and that BHT also has a predominant pelagic origin with limited 394 sedimentary production. 395 The δ 13 C values of geohopanoids (i.e. the geological degradation product of biohopanoids such Singh are thanked for their highly valued contributions to improving this manuscript.
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